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Abstract - A Positive Buck-Boost converter is a known DC-
DC converter which may be controlled to act as Buck or 
Boost converter with same polarity of the input voltage. 
This converter has four switching states which include all 
the switching states of the above mentioned DC-DC 
converters. In addition there is one switching state which 
provides a degree of freedom for the positive Buck-Boost 
converter in comparison to the Buck, Boost, and inverting 
Buck-Boost converters. In other words the Positive Buck-
Boost Converter shows a higher level of flexibility for its 
inductor current control compared to the other DC-DC 
converters.  
In this paper this extra degree of freedom is utilised to 
increase the robustness against input voltage fluctuations 
and load changes. To address this capacity of the positive 
Buck-Boost converter, two different control strategies are 
proposed which control the inductor current and output 
voltage against any fluctuations in input voltage and load 
changes.  
Mathematical analysis for dynamic and steady state 
conditions are presented in this paper and simulation results 
verify the proposed method. 
I. INTRODUCTION
A Positive Buck-Boost converter (PBB) is constructed by 
cascading a buck and boost converter and eliminating a 
capacitor in the buck converter (Fig.1a) [1, 2]. By adding 
the restriction of simultaneous switching of the buck and 
boost switches, the converter can be simplified to an 
inverting buck boost converter as shown in Fig 1b. If we 
avoid this limitation, there will be four possible switching 
states in a positive buck-boost converter as shown in Fig 
3.
This topology has been used as Buck, Boost or Buck-
Boost [1-4]. However if two switches in Fig. 1 are turned 
on and off independently, there will be four possible 
switching states as described in Table I and a circuit 
diagram for each switching state is shown in Fig.2.
By studying these four states we can recognize switching 
states of Buck (10-00), Boost (11-10), and Buck-Boost 
(00-11) converters. There is an extra switching state (01) 
Switching state S1 (Buck) S2 (Boost)
11 on on 
10 on off 
01 off on 
00 off off 
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Fig 2: Four possible switching states of positive Buck-Boost converter 
Table I: Switching states of PBB 
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Figure 1: a) Positive Buck-Boost Converter 
 b) Inverting Buck-Boost converter 
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which is not included in these basic DC-DC converters. 
By using these four states we can have Buck, Boost, and 
Buck-Boost converters. In addition by applying the 
switching state of (01) we can change dynamic and 
steady state modes which are not possible in the 
abovementioned DC-DC converters (Fig. 3). 
It will be shown that unlike the basic DC-DC converters 
there is not a defined level of inductor current for each 
capacitor voltage and load current. Different dynamic 
responses to the same disturbance in input or output can 
be attained by different inductor currents for the same 
capacitor voltage and load current. 
II. STEADY STATE EQUATIONS
To analyse the steady state performance of the PBB 
converter we consider time intervals of each switching 
state which are T11, T10, T01, and T00.
TTTT ≤++ 100111      (1)
T01 balances this equation in order to have a fix switching 
frequency.  
Based on the averaging technique, the average inductor 
voltage over one cycle should be zero in the steady state: 
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And the average capacitor current over one cycle should 
be zero in the steady state, 
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Using the switching state of (01), it can be seen that the 
inductor current stays unchanged or slightly decreases 
depending on the inductor resistance while the capacitor 
is discharging. Combining this switching state with (11) 
state we can control the inductor current like a current 
source in the buck converter and control the output 
voltage through the boost converter by charging the 
capacitor. Comparing this situation with the basic Boost 
and Buck-Boost converter which includes the (11) state, 
the positive Buck-Boost converter can have different 
inductor current level for a particular output voltage. 
Thus the buck, boost, and inverting buck-boost converter 
are not flexible:  
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But the inductor current in the PBB converter is: 
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According to this equation if we scale DBuck and D`Boost by 
the same factor of k, the capacitor voltage stays 
unchanged but the inductor current will be multiplied by 
the factor of 1/k. This will lead to an extra amount of 
current in the positive buck-boost converter. Managing 
this extra current by an appropriate control strategy we 
can attain remarkably reduced sensitivity to load change. 
In addition controlling the inductor current acts as a 
buffer between the input and output sides which blocks 
any input voltage fluctuation to the output voltage. To 
attain robustness against load or input voltage 
disturbance, the inductor current level should be higher 
than the demand level (IL>ILmin).
III. DISTURBANCE REJECTION
The main advantage of the PBB converter which dose not 
exist in Buck, Boost and inverting Buck-Boost converters 
is the load disturbance rejection, which means the PBB 
can handle load changes within a defined margin, without 
dynamic changes in the output voltage. The margin 
depends on the extra current stored in the inductor. The 
same disturbance rejection exists in the case of 
disturbance in the input voltage. The buck converter has 
infinite margin for over-voltage from input and a limited 
margin for the case of under-voltage to reject these 
disturbances. However boost and inverting buck-boost 
(IBB) do not have such a margin because of their 
instability. Table II shows these margins for Buck, Boost, 
Inverting-Buck-Boost, and PBB converters. Clearly what 
distinguishes the PBB compared to the other converters is 
the margin for any event of disturbance. [5] and [6] are 
some achievements to reject disturbance in two different 
topologies. The difference is that these topologies try to 
reduce response time of controller and converter but PBB 
has a margin of disturbance rejection for both input 
voltage and load. 
10 00
01
11
BO
OS
T
BUCK
-B
oost
BUCK
Figure 3: Pairs of different states for known and new converters  
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Table II: Margins of input voltage and load disturbance in case of Buck, 
Boost, inverting Buck-Boost and PBB 
Over 
Voltage 
Under  
Voltage 
Over  
Load 
Under 
Load 
Buck ∞ α−1 0 0 
Boost 0 0 0 0 
IBB 0 0 0 0 
PBB ∞
γ
γα
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IV. DYNAMIC MODEL
In this paper we apply the averaging method to develop a 
dynamic model for the proposed circuit. 
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Defining: 
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And the transfer functions will be: 
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According to equations (7) and (10) we can change DBuck
and D`Boost with same ratio and keep the output voltage 
constant while we are changing its dynamic response by 
changing the inductor current value. Developing this 
concept will lead to a few control strategies which use 
this advantage to achieve robustness. 
V. EXTRA SWITCHING LOSS 
The disadvantage of PBB which should be managed is 
the extra switching loss arising because of extra current 
stored in the inductor. Here we calculate the level of extra 
loss according to extra current which is formulated by Ȗ.
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Firstly the switching frequency of Buck and Boost 
switches are functions of Ȗ (Refer to Appendix): 
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Because of this relationship the switching loss will be a 
function of Ȗ. Here to simplify the comparison we have 
normalized the switching loss according to switching loss 
without extra current: 
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For example in case of step up, if the quantity of 
( )γswBoostNL  is 1.1 means that the switching loss of Boost 
switch has increase 10% because of Ȗ in comparison with 
its level when there is no extra current stored in inductor. 
And if the quantity of ( )γ
swBuckNL  is 0.1 means that 
because of extra current presented by Ȗ the buck switch 
has 10% of the switching loss of boost switch without 
extra current (Fig. 5). 
VI. SWITCHING STRATEGIES
The main challenge in control strategy is to decide about 
percentage of extra current stored in inductor and to 
control it near the decided level. 
The level of inductor current depends on application. The 
maximum fluctuations in output voltage, the level of 
allowed switching frequency and loss and load changes 
and input voltage fluctuations are required to calculate 
the allowed and required extra current. 
To attain required robustness against input voltage 
fluctuation and load changes table 2 is used and to see 
how much extra switching loss and switching frequency 
will arise some figures like Fig. 4 should be applied. 
On the other hand, the controller is trying to keep a 
percentage of extra current in the inductor, which is 
related to the duty cycle of Buck switch. The relation ship 
between extra current stored in the inductor, input and out 
put voltages, and duty cycle of Buck switch is: 
{ }
BuckD
,min 1αγ =
    (16) 
This equation is developed directly from (2) and (3). 
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Controller monitors input and out put voltage and 
changes inductor current reference to adjust DBuck
according to it is proposed in Fig. 5. 
Two Control methods have been developed to utilize 
extra current capacity of PBB. The first one is hysteresis 
control and enjoys simplicity and is suggested when there 
is not major concern for transient. The other which is the 
general approach includes transient control and is named 
vector control in this paper.
A.  Hysteresis Control 
In this control strategy we try to control the current of 
inductor on an appropriate level and then using this 
current we control the output voltage by hysteresis 
method. Since inductor current can be increased to 
increased robustness margins against fluctuations in input 
voltage and load changes, there is two reference 
quantities: 
1. Output voltage 
2. Ratio of inductor current to minimum 
inductor current (Ȗ)
Current is controlled by hysteresis method. Current 
reference is chosen based on output voltage error and 
DBuck which is related to Ȗ according to (16). DBuck is 
measured by the microprocessor that is producing 
switching signals. The microprocessor has timers which 
are applied to calculate DBuck in real time. Knowing DBuck 
and input and output voltage we calculate Ȗ and reduce or 
increase current reference to change Ȗ.
In this control method, controller increase and decrease 
the inductor current reference according to output voltage 
error.
Voltage control loop works independently to control 
output voltage. Voltage control unit considers inductor as 
a current source, since it can use hysteresis control 
method for voltage. 
 A simulation result has been presented to show 
robustness of this circuit against input voltage fluctuation 
and load change (Fig a) in this simulation inductor 
current is kept around 25% more than minimum inductor 
current so Ȗ=1.25.
Figure 5: Hysteresis control method 
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Figure 4: Up diagrams show the increase in switching frequency of Buck switch (green) and Boost switch (blue) by increase in Ȗ. Down diagrams 
show the normalized switching loss of Buck switch loss (green) Boost switch loss (blue) and the sum of these (magenta) by increase in Ȗ for step 
up and step down situations. 
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As can be seen in Fig 6 the inductor current has been 
more than minimum required current in any case of load 
change or input voltage fluctuation, so the out put voltage 
has been robust against these disturbances. 
As has been mentioned there is the disadvantage of extra 
switching loss. To reduce this loss Smart Load Manager 
(SLM) has been suggested in this paper. 
In Fig 6 input voltage has been dropped gradually in a 
ramp. The controller has been fast enough to increase the 
inductor current reference to keep it above minimum 
required inductor current all the time. 
If the input voltage had change in a large step directly 
from 300 to 100 a drop in output voltage would be visible 
(Fig 7) because at the moment of input voltage large drop 
the inductor current was not enough to support output 
voltage at 200V. 
When the output voltage has dropped the controller has 
increased the inductor current reference to achieve the 
reference voltage again. Controller is monitoring the 
input voltage as well so it increases the minimum 
required inductor current and adjusts Ȗ with this new 
minimum current. 
B. Vector Control 
In vector control method the four switching states of PBB 
shown in Fig. 3 are modelled as vectors which change the 
working point of PBB [iL,vC] by [T*vL,T*iC] where T is 
switching time. iL, vL, iC, vC are currents and voltages of 
capacitor and inductor. 
Fig. 8 shows these four vectors in cases of step down and 
step up. 
Because in this strategy Buck switch and Boost switch 
are controlled as a whole all switching options will be 
considered in this control strategy. Thus we have called it 
a general switching strategy. 
In Fig. 8 each switching state’s number is shown beside 
its vector. As can be seen in Fig. 8 each the angle and 
magnitude of each vector depends on four quantities: 
1. Input voltage 
2. Load current 
3. Output voltage 
4. Inductor current 
Four simplification here we consider that we are sensing 
all of these parameters. In real case load current can be 
estimated according to other quantities. 
These vectors change in phase and magnitude when the 
working point of PBB [iL,vC] changes. Fig. 9 shows some 
of these vectors in an area of different working points. 
And (18) is these vectors phase and magnitude. 
Generally speaking the vector control strategy tries to 
average these four vectors to direct the working point 
toward the reference point. These averaging can be done 
in a single switching cycle or more. The equation which 
should be kept is (17). 
Figure 6: Hysteresis control strategy performance  
time (sec)
Figure 7: Hysteresis control strategy performance with step 
change in input voltage 
Figure 8: Switching configurations as vectors. 
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Figure 9: vectors of switching configurations in and area of [iL,vC] 
Fig. 10 shows two examples of directing [0,0] point 
toward [30,200] point  
Figure 10: two paths which has used to direct [0,0] point to [30,200] 
point 
The advantage of this control strategy is accountable 
when transient responses are important for the 
application. As can be seen in Fig. 10 vector control 
strategy can direct each working point toward reference 
point in different ways. 
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In some applications the user may want to increase output 
voltage as fast as possible. In this case control strategy 
can increase the inductor current and then increase the 
capacitor voltage applying this high current. After
achieving the reference voltage the control strategy can 
increase the inductor current to required level. 
In another application controller may need to increase the 
inductor current to reference level and then increase the 
capacitor voltage or any other procedure other than these 
which includes exact manner of inductor current and 
capacitor voltage changes is good to be controlled by this 
strategy. 
VII. SMART LOAD CONTROLLER
To minimize the switching loss a load controller can be 
applied. The task of load controller is to send final signals 
for load change. Fig. 11: Any load change request comes 
to load controller at first place (1). Load controller 
prepares the situation for change in load by increasing the 
current stored in the inductor (2). Since the current is 
sufficient controller sends the “ready signal for load 
manager (3) load controller send the signal to the load (4) 
and load will be changed. When load has successfully 
changed the current stored in the inductor will be 
decreased to reduce switching loos to an acceptable level 
(5). Of course to apply this procedure load sensitivity 
should be considered as well  
Figure 11: the configuration of PBB controller and SLC in the system 
To show the effect of SLC three simulations for a 
dramatic load increase with different Ȗ levels and absence 
and presence of SLC are shown: 
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Fig. 12 (a) 
Inductor Current (A) 
O
ut
pu
t V
ol
ta
ge
 
(V
) 
Inductor Current (A) 
O
ut
pu
t V
ol
ta
ge
 
(V
) 
0               time (sec)                   0.2 
iL
vC
iL
vC
Authorized licensed use limited to: QUEENSLAND UNIVERSITY OF TECHNOLOGY. Downloaded on April 05,2010 at 20:05:09 EDT from IEEE Xplore.  Restrictions apply. 
2017
Figure 12: a) load change without enough extra current b)load change 
with enough extra current without SLC c) load change with enough 
extra current with SLC 
In these entire cases load current has changed from 20A 
to 40A in one step at 0.1s. In Fig. 12a Ȗ=1.25 and this is 
not enough to reject load disturbance so the drop in 
output voltage happens. Here Ȗ has not been applied 
sufficiently and SLC does not work. 
In Fig. 12 b. Ȗ=2 which means there is enough current 
stored in inductor to reject load disturbance. But the extra 
current of inductor in first half of time period increases 
the switching loss. 
In Fig. 12 c. at t=0s  Ȗ=1.25 but SLC functions and 
increases it to 2 before load change happen and reduces it 
back to 1.25 when load change finishes. This way by
means of SLC both switching loss reduction and load 
disturbance rejection have been developed. 
VIII. CONCLUSION
Positive Buck Boost converter also known as 
noninverting Buck Boost converter may be controlled in 
a manner which decouples capacitor voltage from 
inductor current. By applying this capability PBB can 
gain robustness against input voltage fluctuation and load 
changes. The disadvantage arising is the increase in 
switching loss because of extra current stored in the 
inductor. 
In this paper two switching strategies for PBB with 
different characteristics are presented to gain robustness 
against mentioned disturbances. Simulation results are 
included. 
At last, to reduce switching loss while keeping the 
advantage of robustness Smart Load controller (SLC) is 
introduced. SLC controls the percentage of extra current 
to keep the switching loss low when no load change is 
expected and increases the extra current to achieve 
robustness when a load change is going to happen. 
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APPENDIX
To calculate switching frequency and normalized switching loss of 
each switch in PBB topology for given ǻv and ǻi we consider step 
up case. In step down situation calculation is almost same. 
For Boost switch we have: 
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For Buck switch we have: 
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Where, Tf and Tr are fall and rise times respectively. Tsw and fsw is 
switching time and frequency respectively. 
Having these switching frequencies we can calculate the normalized 
switching loss. Normalization index is switching loss of PBB when 
Ȗ=1 which is equal to switching loss of a boost converter with same 
parameters as PBB: 
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Calculating for step down case and rewriting these equations in a 
single set of equations leads to (12 – 15). 
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